We used two types of preference elicitation methods based on multi-attribute value theory (MAVT) for a wastewater infrastructure decision in Switzerland. We aimed to register the implementation impacts of two preference elicitation philosophies (aggregation, disaggregation) in a large, real-world case and give guidance on these elicitation approaches for practitioners. We conducted two series of face-to-face interviews with the same ten. The first interview set used direct aggregation preference elicitation methods, which decomposed an additive value model into the elicitation of weights (SMART/SWING-variant) and marginal value functions (bi-section method). In the second interview series, indirect disaggregation was used, based on UTA GMS . The weights and marginal value functions for 19 objectives were later simultaneously inferred with linear programming from pairwise comparisons of hypothetical alternatives. One aim was to design the UTA GMS comparisons for many objectives. Further, we aimed to identify differences and commonalities of the two methods concerning the elicited preferences, the MAVT evaluation results of six real-world wastewater infrastructure alternatives, and the stakeholders' and analysts' feedbacks. Similar best alternatives indicate convergence of the two elicitation methods. This demonstrates the applicability of the UTA GMS elicitation procedure to a very complex decision problem. However, the two elicitation methods were perceived differently by the respondents and required different effort from the analysts. For individual stakeholders, preferences were sometimes rather different between the interviews, which could be largely explained by the constructive nature of preference formation. This indicates the importance of supporting stakeholder learning in the application of MCDA.
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Introduction
Multi-Criteria decision analysis (MCDA) aims at supporting decision makers to evaluate alternatives on several conflicting criteria . Incorporating the decision makers' values is crucial, and the preference elicitation process should meaningfully represent the stakeholders' decision preferences by specific MCDA methods and their associated parameters. MCDA can be considered an "umbrella term to describe a collection of formal approaches which seek to take explicit account of multiple criteria in helping individuals or groups explore decisions that matter" (Belton and Stewart, 2002) . These formal MCDA approaches include Multi-attribute value and utility theory (MAVT/ MAUT) (Keeney and Raiffa, 1976) , the Analytic Hierarchy Process (AHP) (Saaty, 1980) , the Dominancebased rough set approach (Greco et al., 2001) , the family of outranking methods (Roy, 1996) , and others.
Every approach has weaknesses and strengths (Cinelli et al., 2014) . In practice, presumably the most popular MCDA method is AHP (see e.g. review by Marttunen et al., 2017) , but AHP has been repeatedly heavily criticized (e.g. Macharis et al., 2004; Smith and von Winterfeldt, 2004) . AHP is attractive, because the required pairwise comparisons seem to mimic the way people intuitively make decisions. Outranking methods are also very widely used in practice and certainly provide a valid basis for MCDA. These methods also use pairwise comparisons and outranking relations (for a comprehensive overview see Figueira et al., 2016) . There is user-friendly software available, continuously developed by promoters of ELECTRE (e.g. Figueira et al., 2013; Roy, 1996; Roy and Bouyssou, 1993) or PROMETHEE-GAIA (e.g. Behzadian et al., 2010; Brans et al., 1986) . Our reasons for choosing the widely applied MAVT have been specified in detail by Reichert et al. (2015) and Schuwirth et al. (2012) : In environmental decisions, the method and decision process need to be justifiable to the public, and should thus be as transparent as possible. The method should allow easy integration and quantification of best-available scientific knowledge as well as of the large uncertainty that stems from the prediction of decision outcomes in complex ecological and engineered systems. The mathematical formalism of MAVT satisfies these key conceptual requirements by being based on few, but solid rationality axioms, by allowing easy modeling of uncertainty and updating with new information, and by giving large mathematical freedom in describing stakeholder preferences.
Traditionally in MAVT, the preference parameters required for the mathematical models are elicited separately. These include marginal value functions, importance weights, and additional parameters in the (rare) cases of non-additive aggregation (Langhans and Lienert, 2016; Langhans et al., 2014) . Many methods have been proposed for separately eliciting marginal value functions and weights (overviews see e.g. Eisenführ et al., 2010; Keeney and Raiffa, 1976; Pöyhönen and Hämäläinen, 2001) . This separate elicitation of preference parameters is referred to as direct aggregation or decomposed methods (Beinat, 1997; Doumpos and Zopounidis, 2011) . In the application of MAVT in real-world decisions, the weights and marginal value functions are usually separately elicited following this direct aggregation philosophy. Environmental applications range from wastewater treatment (Lienert et al., 2011) , over forest management (Mustajoki et al., 2011) , to Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 sample sizes (N) are needed along with an experimental setup in a controlled environment to allow for statistical testing of the research hypotheses. Such a strongly formalized analysis restricts the dimensions of the problem. In the literature, one usually finds constructed or smaller research problems, and test persons are often students. The second possible approach to compare methods is more qualitative, but not necessarily less relevant. It focuses on real-world interventions, on real decision makers, and on the needs of practitioners. Real-world decisions are usually complex, involving many objectives, complex strategic alternatives, and many stakeholders that pursue different interests. For example, our meta-analysis of 61 environmental and energy MCDA application cases revealed an average of 15 objectives, ranging from 3 to 51 (Marttunen et al., 2017) . Thus, didactical examples with some five objectives can provide insights, but do not mirror the challenges encountered in real cases. The literature increasingly emphasizes the need for such real-world applications, even if sacrifices regarding hypothesis testing need to be done (see the recent BOR literature; e.g. Franco and Hämäläinen, 2016) .
The aim of this study is to register the implementation impacts of two different MCDA philosophies (aggregation and disaggregation) in a very complex real and typical environmental decision with ten stakeholders through two series of interviews concerning sustainable wastewater infrastructure planning (SWIP) . Rather than pursuing rigorous experimental testing, we aim to empirically learn about the advantages and disadvantages of the two paradigms, hereby also addressing the needs of MCDA practitioners. Nevertheless, we tried to be as rigorous as possible in our application; and consider ourselves as exceptionally lucky that we were able to interview the same ten stakeholders twice -once with each approach. The motivation for using different elicitation methods is thus to avoid the systematic bias a specific method may have and to enhance the trustworthiness of the final result. We investigated the following issues:
1. How to design a practical elicitation procedure for indirect disaggregation methods for a complex decision context? The environmental case study involves a large objectives hierarchy with 19 lowest-level fundamental objectives. This could possibly require stakeholders to compare a large number of reference alternatives two-by-two, but typically stakeholders have limited time for the elicitation task. 2. Is the elicited MAVT model consistent for the two different elicitation methods? 3. Is the evaluation of alternatives using elicited preferences obtained by Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 the two different elicitation methods consistent? 4. How do the stakeholders and the analyst perceive the two elicitation methods in the application; i.e. what are the perceived differences between methods?
The remaining paper is organized as follows: Section 2 describes the case study and the general design of the elicitation interviews. Section 3 presents the preference elicitation methods and interview procedures. Section 4 presents the elicited preference parameters (weights, value functions) and evaluates six real-world alternatives. The results of the two different interviews are compared and inconsistencies are analyzed. Section 5 discusses interesting findings. The paper concludes in Section 6.
Case study
The wastewater infrastructure system provides multiple benefits to society. Originally put in place to grant urban hygiene, it is of crucial importance to human health. Wastewater systems also provide environmental benefits by protecting fresh water resources from pollutants. However, the centralized wastewater system is increasingly criticized for sustainability reasons and because it relies on massive infrastructure networks: the sewer pipes. This system is highly inflexible, ageing, and expensive (reviews see e.g. Gleick, 2003; Larsen et al., 2016) . The required global investments in water infrastructures are estimated to exceed 500 billion U.S.$ per year (Milly et al., 2008) . The water infrastructures are very long-lived. Sewers have lifetimes of around 80 years, which makes planning extremely uncertain. The uncertainty increases due to climate change effects, droughts, and heavy rainfalls leading to sewer overflows, and other future changes such as population growth. However, current infrastructure planning is based on mid-term projections of the status quo and on only few objectives, even though many fields are impacted by water infrastructures. Moreover, despite affecting the population, the decisions are usually not participatory.
The transdisciplinary SWIP project (Sustainable water infrastructure planning 1 ) was set up to address these challenges in an exemplary Swiss case study. There was close collaboration between urban water engineers and decision analysts. We proposed MCDA to make better informed, more sustainable and participatory decisions about wastewater infrastructures. Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 Four municipalities were involved in the case study near Zürich, totaling about 24'000 inhabitants in 2010. There are three wastewater treatment plants, which are, however, reaching their capacity limits. The cleaned wastewater eventually flows into Lake Greifensee, which is impacted by too high nutrient levels (Känel et al., 2008) . The sewers have an average age of 33 years; and investment decisions need to be made in the coming years.
These investment decisions involve high stakes and have long-term consequences on social, environmental, and economic aspects. For the research presented here, we conducted two preference elicitation interviews in 2013 with each stakeholder individually without any possibility of interaction between stakeholders. We decided against group decision-making mainly because we were interested in the perspectives of different interest groups. Group decisions risk that individual views get lost. We carefully selected our ten interview partners with a stakeholder and social network analysis, based on 27 preliminary semi-structured qualitative interviews in 2010-11 (Lienert et al., 2013) . The stakeholders were representatives of different decisional levels (local, cantonal, and national), they pursued different interests, and came from different sectors (engineering practice, administration and politics, science; Zheng et al., 2016) . Another advantage of individual interviews was that they allowed us to focus on methodological aspects. It would have been very difficult to elicit the entire set of preference parameters (weights, marginal value functions) from a group consensus process. Additionally applying the pairwise comparisons for the disaggregation approach would have simply been impossible in a group.
However, we found it important that the stakeholders share the same decision framework. Therefore, the objectives hierarchy and attributes, the decision alternatives, and four future scenarios used in the entire SWIP project (i.e. also for water supply) were set up in group workshops in 2011 (see in-depth description of process in Lienert et al., 2015) .
The stakeholders were thus acquainted with the decision context before we elicited their preferences concerning the objectives hierarchy in Figure 1 . Five top-level objectives were judged as fundamental to achieve our goal: Sustainable wastewater infrastructure (Sustainable WWI), including Intergenerational equity (Equity), Protection of water and other resources (Protection), Safe wastewater disposal (Safe WW disposal), High social acceptance, and Low costs.
At the end of the project, we carried out a large stakeholder event in 2014, where the 100 participants -including the stakeholders interviewed in this project -could discuss their opinions and experiences. Zheng, J. & Lienert, J. (2017) 
Methods

MCDA model
We used the widely applied additive value model where the overall value of alternative a is the weighted average value of all attributes:
v i (a) is a marginal value function normalized on [0,1], reflecting the value of alternative a on attribute i. w i is a scaling constant (=weight) of the ith attribute, indicating the importance of improving attribute i from the worst to the best case. Weights should be non-negative and sum up to one.
Direct aggregation methods for preference elicitation
Elicitation procedure and preference modeling
In a parallel research project about drinking water infrastructure planning (e.g. Scholten et al., 2015) , we had used the standard SWING method to elicit preferences. These experiences with real stakeholders (from the water supply sector) raised some issues, which we aimed to improve. In this Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 wastewater case, we therefore adapted SWING to the SMART/SWINGvariant. To elicit marginal value functions, we used the popular bi-section method. This fairly standard elicitation procedure has been described in our earlier publication , so we only briefly recall the main points here.
Two weeks before the interview, the stakeholders received a package per post containing an information letter describing the project, the objectives hierarchy, and the attributes including their ranges (best and worst possible cases). They were asked to answer an online questionnaire for weight elicitation in which we had implemented a variant of the interval SMART/SWING method (Mustajoki et al., 2005; Zheng et al., 2016) . Firstly, the respondents chose a reference objective, with which they were most familiar with. Then they made pairwise comparisons of the other objectives with the chosen reference. Finally, they stated their strength of preference by choosing from nine categories (as in AHP; Saaty, 1980) . Online elicitation was used to familiarize the stakeholders with the topic and elicitation method.
The online questionnaire was followed by a personal interview carried out by a psychologist with the support of an MCDA analyst, again using the SMART/SWING-variant. We present an illustrative example of the elicitation tools with more details and visualization for the sub-objective Intergenerational equity in Section SM-2.1 of the supplementary material. The weights were calculated by interpreting the indicated strength of preference as ratio between the weight of the reference objective and the weight of another objective (see Zheng et al., 2016) .
For the most important attribute identified from weight elicitation, we elicited the marginal value function in detail with the common bi-section method (Eisenführ et al., 2010) . Due to time constraints, only rough elicitation was performed for the other attributes, asking: "Which is more important to you, improving the objective from its worst-possible case to the mid-point evaluation level, or improving the objective from the midpoint evaluation level to its best-possible case?" This is a simplified way to only elicit minimum information about the shape (concave, convex, or linear) that saves a lot of time Zheng et al., 2016) . The points elicited with the bi-section method were connected by piecewise functions. For rough elicitation, exponential functions were assumed (see Zheng et al., 2016 , for details).
Indirect disaggregation methods for preference elicitation
Additionally, for MAVT from an elicitation point of view and again based on the experiences with SWING, we were interested to find out, whether it Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 would be helpful for stakeholders to infer preferential parameters by using indirect preference information, rather than eliciting the preference parameters directly (as suggested by e.g. Greco et al., 2008; Kadziński and Tervonen, 2013; van Valkenhoef and Tervonen, 2016) . To be as consistent as possible, we aimed to stay within the MAVT paradigm, thus excluding e.g. outranking approaches. For this indirect disaggregation elicitation framework, we applied the UTA GMS method as it satisfied our requirements in the case study. UTA GMS applies pairwise comparisons, which are claimed to mimic intuitive decision behavior, but is less strongly criticized than AHP (e.g. Macharis et al., 2004; Smith and von Winterfeldt, 2004) . A main argument for our choice of UTA GMS is that it can be used interactively with stakeholders. This is very important for this typical environmental case, where we had 19 lowest-level objectives (see Fig. 1 ). Asking for pairwise comparisons could have resulted in a ridiculously large number of questions. Thus, we aimed to find a method that allowed us to design an interactive procedure. Hereby, it became possible to reduce the number of questions by inferring necessary relations from previous answers, instead of asking questions for these. This elicitation procedure allows the stakeholders to progressively express their preference information so that the necessary relation is enriched. We emphasize once more that the stakeholders were willing to carry out preference elicitation twice; just for research reasons, and openly shared their experiences with each method. We consider this as a very unique opportunity to be able to empirically compare withinindividual preferences of important stakeholders derived with two different methodological approaches.
Existing elicitation methods
The number of questions is influenced by the selection and ordering of questions. This issue has been addressed in different fields. In conjoint analysis, adaptive methods have been developed to collect more information per question; using far fewer questions than traditional methods (e.g. Toubia et al., 2004) . In electronic commerce, there are often tasks of evaluating and ranking items with multiple attributes. A heuristic has been proposed for choosing pairwise comparisons based on the idea of weight space so that a preference model can be built with only a small number of user queries (Iyengar et al., 2001) . In the field of MCDA, researchers recently apply heuristic approaches for selecting pairwise elicitation questions in an interactive process for either choice or ranking problems (Branke et al., 2017; Ciomek et al., 2017a,b) . These methods focus on reducing the uncertainty of decisions measured by different metrics, such as information gain (van Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 Valkenhoef and Tervonen, 2016) , the number of alternative pairs for which the necessary preference relations holds, etc (Ciomek et al., 2017a) . Results of the experimental studies indicate that the best performing heuristics in terms of minimizing the number of questions depend on the specific measure of uncertainty.
Elicitation method
We designed an elicitation procedure based on UTA GMS to elicit the preferences with pairwise comparisons (Greco et al., 2008) , for the reasons stated above. If the preference information was consistent, i.e. the stated preferences could be represented by an additive value function, mostly there existed multiple additive value functions compatible with the constraints derived from such information. In rare cases, a unique value function could be determined.
We would like to point out that additive value functions do not necessarily represent the preferences of stakeholders. This can be accounted for by using other aggregation models for MAVT (see Langhans et al., 2014; Reichert et al., 2015) . For example, Cobb-Douglas aggregation is able to model the veto power of an attribute, i.e. that a zero value of one attribute leads to an overall zero value of the assessment. In our wastewater application case, not all stakeholder preferences were well represented by the additive model because, for instance, the strong preferential independence assumptions did not always hold. However, with systematic sensitivity analyses we were able to show that the ranking of alternatives was in most cases only slightly influenced if a different aggregation model was considered . As it requires substantial additional effort to elicit a more expressive aggregation model, we regard it as justified to assume the additive aggregation model in this case study.
Moreover, we point out that our application involves a hierarchy of objectives. We used UTA GMS at each level of the hierarchy to obtain the preference relation with respect to the set of criteria at the same level of the hierarchy. The Multiple Criteria Hierarchy Process (MCHP) in ROR permits consideration of preference relations with respect to a subset of criteria at any level of the hierarchy (Corrente et al., 2012) . However, for this application it is not necessary to consider the preference relation while considering a subset of criteria at any level of the hierarchy, which is why we did not use MCHP.
Two key concepts of the UTA GMS method were defined:
1. necessary weak preference relation: alternative a is necessarily ranked When no preference information was available, the necessary weak preference was merely a weak dominance relation, i.e. alternative a was preferred to alternative b when a was at least as good as b regarding all attributes. At this point the possible weak preference was complete. When additional preference information was provided, the necessary weak preference was enriched while the possible weak preference was impoverished.
Interview procedure
Approximately three months after the first interview, the UTA GMS interview was conducted by the same interviewers with the same ten stakeholders. No preparation was required this time.
The UTA GMS method was designed to be used interactively, i.e. a computer-aided exchange between analysts and stakeholders. The program progressively added each piece of preference information and selected the next pairwise comparison, which we describe later. Elicitation was carried out at each level of the objectives hierarchy, and the elicitation was only stopped after we obtained a complete ranking of the reference alternatives. In other words: we used UTA GMS interactively to control for the robustness of the MAVT model. We applied UTA GMS hierarchically in a bottom-up way. For the pairwise comparisons, we did not explicitly use "real" alternatives but designed hypothetical reference alternatives. These were created in different manners depending on the specific sub-objectives of the hierarchy (Fig. 1) .
Objectives with two lowest-level sub-objectives In this case, e.g. for the main objective Intergenerational equity, the marginal value functions and weights of attributes (e.g. "rehab" and "adapt"; Fig. 1 ) had to be determined. We used hypothetical alternatives designed by a threelevel full factorial plan. These levels corresponded to the best, mid-point, and worst case of the attribute. There were 3 × 3 = 9 such alternatives to be ranked (Tab. 1). After 27 weak dominance relations were eliminated, the stakeholder only needed to compare 9 pairs to determine the ranking of the 9 reference alternatives Comp 1 : C(a 3 , a 7 ), Comp 2 : C(a 2 , a 7 ), Comp 3 : C(a 2 , a 4 ), Comp 4 : C(a 3 , a 4 ), Comp 5 : C(a 3 , a 5 ), Comp 6 : C(a 3 , a 8 ), Comp 7 : C(a 5 , a 7 ), Comp 8 : C(a 6 , a 7 ), Comp 9 : C(a 6 , a 8 ). The comparisons were directly presented to the stakeholders, with emoticons and pictures depicting the different cases. The preference (indifference, resp.) statement that alternative a i is preferred to a j (a i is indifferent to a j , resp.) is denoted as a i a j (a i ∼ a j ). Table 1 : Reference alternatives for eliciting preferences for the objective Intergenerational equity with two sub-objectives "rehab" and "adapt". Green smiley is the best case, yellow is the mid-point, and red is the worst. a 1 a 2 a 3 a 4 a 5 a 6 a 7 a 8 a 9
Rehabilitation Flexibility
The elicitation started by comparing two extreme alternatives a 3 and a 7 . The stakeholder could respond with a preference or indifference statement (Box 3, SM). We then asked her for her strength of preference (Box 4, SM): "How much is the difference of attractiveness between the two alternatives?" by choosing one of the nine above-mentioned categories: C 1 = no difference; C 3 = weak difference; C 5 = moderate difference; C 7 = strong difference; C 9 = extreme difference; C 2 , C 4 , C 6 , C 8 = between categories. Classification of the statement a i a j into one of the nine categories was denoted as C(a i a j ) ∈ C k . To enrich the preference information, a trade-off question followed if the stakeholder did not make an indifference statement: she was asked to worsen the preferred alternative by deteriorating the objective in the best state so that the two alternatives were equally good (Box 5, SM).
It was unnecessary to compare all the remaining eight pairs, because the relation of some pairs became a necessary weak preference relation with the first preference statement. With each new answer, the necessary and possible weak preferences were computed (see section 3.3.4). The next question was chosen by the computer program based on the strategy that we wanted to minimize the number of questions. For each possible weak preference relation (e.g. c and d), we again computed the number of necessary weak preference relations n (n ∼ , or n ≺ , respectively) assuming that c d (or c ∼ d, c ≺ d, respectively). The more new necessary weak preference relations this possible preference relation generated (n + n ∼ + n ≺ ), the more informative this question was. Then one comparison which would generate the most necessary weak preference relation was chosen. The process was terminated when the necessary weak preference was complete in the Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 reference alternative set as shown in Table 1 .
An illustrative example of the interaction process for the sub-objectives of Intergenerational equity is given in SM, Section-2.2.1.
Objectives with more than two lowest-level sub-objectives This only concerns the main objective Social acceptance which consists of five sub-objectives ( Fig. 1) . We developed hypothetical alternatives where each sub-objective could have two levels. To speed up elicitation, we only asked for a ranking of the five hypothetical alternatives, which each had one subobjective on the best level and the others on the worst levels. If Social acceptance was later stated important (considering the ranges) in the elicitation process of the five main objectives (see below), we went back and carried out further elicitation. Hereby, one sub-objective was chosen as reference with which the others were compared (same procedure as "objectives with two lowest-level sub-objectives"). The strength of preference and trade-off questions were asked as well.
Higher-level sub-objectives For objectives at a higher hierarchical level, only weights had to be derived, but no marginal value functions. Hypothetical alternatives with sub-objectives having two levels (best and worst cases) were designed. For the five main objectives, the fractional factorial design 2 5−1 built 16 reference alternatives which had two levels for each objective. We first asked the stakeholder to rank the five alternatives (one objective on best, all others on worst level), as in the standard SWING method. From the responses, some necessary weak preference relations were derived and more pairs of possible weak preference relations were interactively compared. For the sub-objective Protection (Safe WW disposal, resp.), a full factorial design was used to construct hypothetical alternatives. This resulted in 2 3 = 8 (2 2 = 4, resp.) reference alternatives to be compared for each. It is easy to verify that for Protection (Safe WW disposal, resp.) there was only six (one, resp.) pair of alternatives to compare after dominance relations were eliminated. We used the same strength of preference and trade-offs questions as above.
Preference modeling
The weights and marginal value functions were inferred by ordinal regression via linear programming. The inferred MAVT model restores the pairwise comparisons provided by the stakeholders. The inference was performed at each level of the objectives hierarchy.
Let us introduce some notations as in Greco et al. (2008) . A set of reference alternatives A R = {a 1 , a 2 , ..., a j , ..., a m } is evaluated on n criteria g 1 , g 2 , ..., g i , ..., g n (i ∈ G = {1, ..., n}). The evaluation scale on criterion g i is X i , i.e. g j : A → X i . We assume that the evaluation scale is bounded, i.e. X i = [α i , β i ] where α i and β i are the worst and the best evaluations. Therefore, each alternative a can be represented by a profile g 1 (a), ..., g n (a) in the evaluation space X = i∈G X i . We use v i (a) to replace v i (g i (a)) to represent the value function of attribute i. Let us denote the permutation on the set of indices of alternatives from A R that reorders them according to the increasing evaluation on g i as τ i , i.e. g i (a τ i (1)) ≤ g i (a τ i (2)) ≤ · · · ≤ g i (a τ i (m − 1)) ≤ g i (a τ i (m)). These are called characteristic points of the marginal value function v i (·).
The linear constraints and objective function of the linear programming are:
Constraints
The stakeholder stated that a was preferred to b and classified this into one of the nine categories, i.e., C(a b) ∈ C k . She also classified her preference of c to d to a category C(c d) ∈ C k . Suppose that k > k . The pairwise comparisons were transformed into linear constraints:
The values of the alternatives can be calculated additively, from the characteristic points of the evaluation criteria, e.g. v(a) = n i=1 v i (a). The other constraints guaranteed that the value functions were monotonic and the value of the best (worst, resp.) alternative was 1 (0, resp.). The conditions of program (2) were all transformed into linear constraints. We did not make any assumption about piecewise linearity of the marginal value functions. The formulation of program (2) modeling the strength of preferences has been proposed in earlier research (Bana et al., 2016; Figueira et al., 2009; Hurson and Siskos, 2014) , and we adopted the semantic categories of preference intensity in AHP to support the stakeholders to make judgments (Saaty, 1980) . Objectives First, the necessary and possible weak dominance relations had to be computed to support interactive elicitation. To determine the comparison of alternative e and f , two linear programming problems need to be solved by maximizing v(e) − v(f ) and v(f ) − v(e), subjecting to the constraints (2). The relation of e and f could be determined from the two maximum values according to the rules described in Greco et al. (2008) .
Second, we solved a different linear programming problem to identify one representative additive value function model to evaluate the "real" alternatives by maximizing .
At each level, the weight of one objective was obtained as the value of the best evaluation: w i = v i (β i ). In other words, the value functions can be normalized by weights as in (1).
Determining the consistency of the results between the two interviews
The comparison of the elicitation results of the two interviews concerned several aspects:
Weights. For the SMART/SWING-variant, the calculation of weights assumed that the semantic concerning the stated strength of preference can be interpreted as weight ratio. For UTA GMS , the weights were inferred so that they were compatible with some pairwise comparisons. Hereby, the strength of preference statement was interpreted as value differences between the reference alternatives. However, choosing one additive value function from a set of compatible models is somewhat arbitrary. Thus, changes in weights resulted from both the changes in preferences and different modeling techniques. Therefore, we calculated the Euclidean distance to measure the weight differences of the two interviews, but paid more attention to analyze the changes in the rankings of the weights. We used the following indicators: 1) Kendall's τ rank correlation coefficient between the two sets of weights (Kendall, 1938) . To deal with equal values (ties), we followed Amerise et al. (2015); 2) we calculated the proportion of rank reversals of all pairwise comparisons, concerning ranking the importance of (sub-)objectives (Fig. 1) ; 3) we also calculated the proportion of cases where the indifference statement was changed to a preference relation out of all pairwise comparisons; and 4) the proportion of changes of the preference statement to an indifference relation.
Marginal value functions. In the first interview, we only had knowledge about the rough shape of the marginal value functions for most attributes. For the interview using UTA GMS , there were multiple compatible value functions, and sometimes the constraints from the preference information were sufficiently loose to allow for both concave or convex functions. Therefore, we did not statistically compare the elicited marginal value functions because of insufficient information.
MCDA evaluation results. The elicited additive value functions were used to evaluate the performance of six wastewater infrastructure alternatives for the case study: A2 (central high-tech system), A5 (decentral low-tech system), A7 (decentral system with nutrient recovery), A8a (central system with stormwater retention), A8b (decentral high-tech system), and A9 (central privatized system). The alternatives were selected as the most typical and most strongly discriminating in the SWIP-project and the labels were kept as in Zheng et al. (2016) . A detailed definition of these alternatives can be found therein. The outcomes of the alternatives on the 19 attributes are given in Table SM 
The overall values and rankings of alternatives for the two interviews were compared: 1) by asking whether the elicited preferences in the two interviews lead to a congruent best alternative; 2) by calculating Kendall's τ rank correlation coefficient between the two rankings; (3) by calculating the Euclidean distance of the two overall values of alternatives.
Stakeholder feedback. At the end of the second interview, we calculated the weights based on the stakeholders' responses. If answers were inconsistent, i.e. the rankings of the importance of objectives were different compared to the interview using the SMART/SWING-variant, we explicitly asked the stakeholders for possible reasons. The stakeholders were also asked which of the two interviews they perceived to be more difficult. Any other remarks and comments were encouraged and recorded.
Implementation and analyses
We used R for all analyses and statistical tests (R Development Core Team, 2017). The online questionnaire to prepare the interviews and give a preliminary assessment of the weights was implemented in a trial version of Qualtrics (https://www.qualtrics.com). The interactive UTA GMS procedure that assisted the personal interviews was also implemented in R using the ror package (R Development Core Team, 2017; Tervonen, 2013) . To calculate the additive value model, we used the R package utility (Reichert et al., 2013) .
Results
We analyzed the average weights of each of the ten stakeholders in the two interview series. The answers from the online questionnaire were not used, because 1) the online questionnaire was designed only for preparing the interview; 2) three stakeholders did not answer it; and 3) for those who responded, the answers were sometimes not complete as we had provided opt-out options. 
Individual preference changes
For individual stakeholders there were some preference changes in the second interview using UTA GMS , compared to the first using the SMART/SWINGvariant for weight elicitation. The complete data of the weights and their rankings is given in the supplementary material (Tabs. SM-3, SM-4). At the level of main objectives, the changes in the weights were somewhat larger for SH1-SH3 than for the other stakeholders (weight points are further away from the diagonal: Fig. 2) ; this is also reflected in the larger Euclidean distances (Tab. 2). For all ten stakeholders, the rankings of the five main objectives were positively correlated between the two interviews (Tab. 2). The ranking of the five main objectives between the interview using the SMART/SWINGvariant and using UTA GMS did not at all change for one stakeholder (SH10; Kendall's τ = 1). For five stakeholders (SH1, SH4, SH6-SH9), the rankings were relatively strongly correlated, between 0.6 and 0.9 (Tab. 2). Three stakeholders (SH2, SH3, SH5) had relatively large changes in the rankings, resulting in low correlations between 0.3 and 0.4. On average over all stakeholders, 11% (±11%) of the importance rankings of main objectives were reversed. For another 9% (±7%) of the comparisons, the stakeholders changed from indifference to preference statements. The case that preference relations were changed to indifferent relations rarely happened (only SH9 for one comparison). Table 2 : Changes in weights of the main and lowest level objectives in the two interviews with ten stakeholders (SH) using the SMART/SWING-variant and UTA GMS . For each stakeholder, we present Kendall's τ correlation coefficient (Cor ) of the two weight rankings, the proportion of rank reversals (RR), the proportion of changes from an indifference to a preference statement (IP ), the proportion of changes from a preference to an indifference statement (PI ); and the Euclidean distance of the two weights (d ). Last rows: average (Ave.) and standard deviation (SD) for all stakeholders.
Main objectives
Lowest level sub-objectives It is worth noting that a stable ranking of the objectives did not necessarily lead to similar weights because the two indicators (ranking measured by Kendall's τ correlation/ weights measured as Euclidean distances) do not reflect the same thing. For example, SH1 had a very stable ranking of the weights of the main objectives (Kendall's τ = 0.9 and 0% rank re- versals; see Tab. 2), but the weights differed relatively strongly between the first and second interview (relatively large Euclidean distance d of 0.3; Tab. 2). Likewise, strong changes in the ranking did not necessarily result in dramatic changes in weights. SH9 serves as an example: the correlation of the ranking of the weights between the two interviews was only 0.6 for main objectives, and he had 10% rank reversals (Tab. 2), but the weights were relatively similar (near diagonal; Fig. 2 ), which is reflected in a low Euclidean distance of 0.16 (Tab. 2).
The ranking of the 19 lowest level sub-objectives were indirectly derived from their global weights, which were hierarchically calculated from the local weights of the lowest level sub-objectives and the associated higher level objectives. Therefore, weight changes of these 19 sub-objectives were a result of weight changes of objectives at all hierarchy levels. As for the highest hierarchy level, the changes in weights at the lowest level were relatively larger for SH1-SH3 than for the other stakeholders (Tab. 2; larger Euclidean distances). Nevertheless, we found a positive correlation between the two rankings for all stakeholders, although Kendall's τ was generally relatively low for the sub-objectives. At lowest hierarchy levels, 17 pairs of these sub-objectives had to be compared (Fig. 1) . Also for these lowest level subobjectives, rank reversals occurred (10.6% ± 7.8%), as well as changes from indifference to preference statements (16.1% ± 9.6%). However, preference relations very rarely changed to indifference statements (1.9% ± 3.3%).
Comparison of MCDA results of two interviews
For six stakeholders, the best-performing alternative (i.e. rank 1) was the same in the first and second interview (but not for SH1, SH7, SH8, and SH10; Tab. 3) . For seven stakeholders (except SH6, SH9, SH10), the rankings of all six alternatives were significantly correlated in a positive direction between the first and second interview (all Kendall' τ > 0.7, p < 0.05, Tab. 3; marginally significant for SH10). Particularly, the complete rankings were kept for SH2 and SH4. For SH6, SH9, and SH10, the two rankings were positively correlated, but the correlations were not statistically significant. An extreme case was SH9, where there was almost no correlation between the two rankings. The overall values of alternatives changed between the first and second interviews for different stakeholders to different extents (see row d ; Tab. 3). We discuss possible reasons for the changes for two extreme cases, namely stakeholders SH1 with the highest value change, and SH9 with the greatest rank change (for reasons of space see Supplementary material; SM Section 4, Tabs. SM-6-SM-7, Figs. SM-3-SM-4). Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10.1016/j.ejor.2017.11.018 Table 3 : Evaluation results of six wastewater alternatives for ten stakeholders (SH) in the two interviews (SMART/SWING-variant for weights and bi-section method or rough elicitation to determine shape of value functions; UTA GMS ). The analysis was made for each stakeholder (SH1-SH10). We show whether the best-performing alternative (rank 1) is congruent for the first and second interview (Con, Y = Yes, N = No) . Cor : Kendall's τ correlation coefficient between the rankings of all alternatives for each interview; Pvalue: under null hypothesis of a non-positive correlation; d : Euclidean distance of the two overall values of alternatives. 
. Reasons for preference instability
We summarized the explanations of the stakeholders for their changes of preferences in the second interview compared to the first, and categorized them into five classes (complete documentation in Tab. . Note that the classification is subjective and that the five classes may overlap. For each class, a few examples are presented for illustration.
Different decision strategy : In 16 cases, the stakeholders attributed their preference change to a change in perspective. For instance, when comparing the objective Few structural failures of drainage system and Sufficient drainage capacity of drainage system, stakeholder SH5 said he paid more attention to the negative consequences on human beings in the second interview, and therefore changed his mind from a preference (Structural failure being more important) to an indifference relationship.
Uncertainty of preferences: Some stakeholders explicitly stated in nine cases that their preferences changed, simply because they were not sure about them. There might be different reasons for this uncertainty. For instance, stakeholder SH3 emphasized the difficulty of comparing the objectives Low future rehabilitation burden and Flexible system adaptation because he found that the two objectives were related to each other. Sometimes the long-term consequences of the wastewater infrastructure on the environment were unclear, making the comparison difficult. Stakeholder SH10 pointed out that she was unsure about the consequence of biocides on groundwater.
Different elicitation methods: The stakeholders mentioned in eight cases that the different formulations of the questions in the two elicitation Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 methods may have had an effect on the answers. For instance, stakeholder SH7 ranked High social acceptance higher than Intergenerational equity in the second interview rather judging them indifferent (first interview). He thought that the questions in the second interview were a good way to reach a decision faster. The different perception of the two elicitation methods are presented in more detail below (Section 4.3.2).
Learning effect: The stakeholders mentioned seven times that they had gained more insight into the decision problem between interviews, by being able to reflect more on the decision, by again discussing with the analyst, or simply by answering our questions. As an example, stakeholders SH2, SH3, SH4, and SH5 thought that their changes of preferences for the main objectives could to some extent be attributed to such a learning effect when working through the topic twice.
External influence: The stakeholders mentioned six times that their preferences were influenced by external events in between interviews, or that they had gained new insights by obtaining new information. As an example, stakeholder SH1 stated in the second interview that the sub-objective Fewer structural failures of drainage system was more important than Sufficient drainage capacity of drainage system instead of an opposite preference in the first. He explained that recently there had been a pipe failure in his neighborhood, which had caused a traffic chaos. He had also learned that the current system in Switzerland is designed for very bad cases and that the system is therefore securely over-dimensioned.
Comparison of methods by stakeholders
The stakeholders were asked to compare the two interviews, after the different weights of the main objectives in the two interviews were presented to them and after discussing the inconsistencies between the two rankings of objectives/ sub-objectives (details see Tab. SM-9). The main message is:
Difficulty : For six of the ten stakeholders (SH1, SH3-5, SH7, and SH10), the elicitation methods in the second interview were easier than the ones in the first. The questions in the second interview were considered as more direct (SH4) and understandable (SH3). Also familiarity with the topic after working through it a second time might be the reason that the second interview was easier (SH3, SH5, and SH7). Especially the elicitation of marginal value functions in the first interview was perceived as difficult (SH10). Only SH6 judged the first interview to be easier because the cognitive load was lower. For SH8, the first interview was methodologically more difficult, i.e. the questions were difficult, but the second interview was more demanding when having to decide between the hypothetical al- Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 ternatives. The difficulty of having to make trade-offs was acknowledged by several stakeholders for both interviews (SH1, SH2, SH10 ). SH2 and SH9 did not see clear differences between the interviews.
Features: SH6 stated that there was less cognitive load to answer the questions in the first interview and that the answers were more spontaneous compared to the second interview. The comparisons of alternatives in the second interview were considered as very unrealistic and extreme by SH7. However, the questions were more direct (SH4), which could be one reason why the interview was shorter (SH4, SH8). Thus, the methods used in the second interview seem to be better at helping people to make hard decisions faster (SH7, SH9).
Discussion
Design and application of the UTA GMS method
One of our starting questions was, whether we could design and apply an elicitation procedure based on UTA GMS for a very complex and large real case that allows for reasonably restricted interactions with busy stakeholders. To our knowledge, this is the first real-world application of UTA GMS that demonstrates that it is indeed possible to have intensive, but not excessively time demanding interactions with a larger number of real stakeholders in a complex applied (environmental) decision problem, consisting of 19 objectives in this case. Our application has several highlights:
1) The procedure offered an interactive way to progressively elicit preferences. By computing the necessary preference relation from the stated preference, the unknown preferences for some pairs of alternatives were inferred. This substantially reduced the number of questions needed to rank the hypothetical alternatives (Tab. SM-5). For instance, we needed 16 hypothetical alternatives to elicit the preference for the main objective Sustainable WWI. After eliminating the weak dominance relations, 75 pairwise comparisons had to be asked to determine the complete ranking of the 16 alternatives. But on average we only used 9.8 questions (pairwise comparisons) thanks to the interactive inference of necessary preference relations. Moreover, we were able to choose the most informative question in each interaction, which also increased elicitation efficiency.
By chance, our heuristic is one of the heuristics studied in (Ciomek et al., 2017b) , which was published after we had carried out our study and submitted this paper. We assumed that the probabilities of the stakeholders' answers for each pairwise question are equally likely. We maximized the estimated increase in the number of necessary preference relations. We only Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 looked at the next elicitation method, i.e. used the search depth one, because using a greater search depth to increase accuracy would have involved significant additional costs. This simple heuristic appeared to perform sufficiently well in our case in terms of elicitation efficiency and computation time.
2) We elicited various forms of preference information. For each pairwise comparison, we requested the binary preference relation and the strength of the preference statement. The trade-off question, consisting of matching hypothetical alternatives with attributes at different levels, allowed us to generate an indifference statement. This enriched the preference information and was transformed to linear constraints when inferring MAVT models (section 3.3.4). By using different forms of questions, different aspects of the judgment process might be tapped (Huber et al., 1993) .
3) Hypothetical reference alternatives were used, rather than the "real" alternatives of the case study for preference elicitation. The reason was that we wanted stakeholders to focus on the objectives, instead of on preferences about alternatives (value-focused thinking; Keeney, 1996) .
However, the design of suitable reference alternatives requires more research. In this application, the constructed reference alternatives were very extreme and unrealistic, and the number of objectives exceeded two at several levels of the objectives hierarchy. This could partly explain why some stakeholders thought that the pairwise comparisons in the UTA GMS elicitation were very direct, but that the trade-offs between objectives seemed difficult. Some stakeholders stated that choosing between undesirable alternatives gave them very negative feelings compared to the SMART/SWINGvariant, where they focused more strongly on improving objectives. Others have also observed that choosing from unattractive alternatives is difficult (Chatterjee and Heath, 1996; Schuwirth et al., 2012) . Perhaps a different design of these reference alternatives would lead to a different perception of the pairwise comparisons. For example, Deparis et al. (2012) report that larger differences on each objective in the comparison of two alternatives increases the frequency of incomparability statements, when available. On the other hand, a larger magnitude of differences increases the use of indifference statements when only indifference and preference answers are permitted. Moreover, first studies indicate that the plausibility of hypothetical alternatives can have an effect on the consistency of the decision-makers responses; but there seem to be differences between intra-and inter-attribute preferences (van Valkenhoef and Tervonen, 2016; Vetschera et al., 2014) . Thus, there is certainly opportunity for further research in this area. Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 
Comparison of the two elicitation methods
Furthermore, we aimed at analyzing whether and in which way the two elicitation philosophies produce similar or diverging results in our case study application. We compared the two elicitation methods, direct elicitation of preference parameters and aggregation, or indirect inference of preferences by disaggregation from several points of view: the elicited MAVT model, based on preference statements (weights), the evaluation of alternatives (i.e. the outcome of the MCDA), and the perceptions of the stakeholders and analysts:
Weights. For individual stakeholders, the elicited weights differed between the two interviews, which has been observed before (Borcherding et al., 1991; Lienert et al., 2016; Pöyhönen and Hämäläinen, 2001) . Even the ranking of the importance of main or sub-objectives sometimes changed between interviews. The observed variances in the weights were a consequence of mixed factors, which is discussed in more detail below (section 5.3).
Evaluation of alternatives.
The six alternatives were evaluated for both interviews and all ten stakeholders. We observed some disagreements between the performances of the alternatives, based on the stakeholders' preference statements. Moreover, there were some changes in the evaluation results between the first and second interview for the same stakeholder. For example, in the first interview (direct preference elicitation with SMART/SWING-variant), alternative A7 performed the best for stakeholders SH2-4, while being worst for stakeholder SH9. However, A7 became the second best for stakeholder SH9 in the second interview using UTA GMS (Fig. 3) . Statistically, the rankings of all six alternatives were significantly positively correlated for most stakeholders (Tab. 3). From the perspective of decision-making, the best-performing alternatives can be selected using the comprehensive values and rankings of these alternatives (Fig. 3) . For example, we can count the number of stakeholders for whom the alternatives were ranked among the top three in both interviews. A8a is the best alternative, because it was among the top three alternatives for nine stakeholders in both interviews (Fig. 3 ). A7 and A8b followed by being ranked the top three for eight and five stakeholders, respectively, for both interviews. Alternatives A2, A5, and A9 seem to be inadequate and should be discarded (Fig. 3) . Nevertheless, this selection is rather subjective. For example, if we were interested in the top two alternatives, A7 would be the best as it was among the top two alternatives for seven stakeholders compared to five stakeholders for A8a. We therefore recommend discussing A7 and A8a with the stakeholders as promising Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 alternatives. For readers interested in a discussion of the wastewater infrastructure alternatives, we refer to our other publications in this case study Zheng et al., 2016) .
The stakeholders. From the stakeholder feedback no final conclusion can be drawn concerning which elicitation method was easier, but it does provide some first insights. Although six stakeholders stated that the second interview (UTA GMS ) was easier, there were confounding factors for this (see below). However, some stakeholders gave feedback that the pairwise comparisons in the disaggregation elicitation (UTA GMS ) procedure were also cognitively demanding with difficult trade-offs. This somewhat contrasts claims that pairwise comparisons require less cognitive effort from the respondents (e.g. Greco et al., 2008; Kadziński and Tervonen, 2013; van Valkenhoef and Tervonen, 2016) . We discussed in section 5.1 that the difficulty might be partly related to the design of hypothetical reference alternatives, which might seem extreme and unrealistic, and encourage more F i g u r e3 : V a l u e sa n dr a n k so fs i x w a s t ew a t e ri n f r a s t r u c t u r ea l t e r n a t i v e s(A 2 -A 9 )f o r t e ns t a k e h o l d e r s( SH 1 -SH 1 0 )a n dtw oe l i c i t a t i o n m e t h o d s :d i r e c ta g g r e g a t i o ne l i c i t a t i o n ( SMAR T / SW ING -v a r i a n t f o rw e i g h t s ;b i -s e c t i o n m e t h o do rr o u g he l i c i t a t i o n f o rs h a p eo f m a r g i n a lv a l u ef u n c t i o n s ) ,a n di n d i r e c td i s a g g r e g a t i o ne l i c i t a t i o n(UT A GM S ) . y -a x i so f fi g u r ea b o v e :v a l u e so fa l t e r n a t i v e s ,w h e r ev a l u e1 =a l lo b j e c t i v e sa r e f u l l ya c h i e v e da n d v a l u e0=n oo b j e c t i v e sa r ea c h i e v e da ta l l ;y -a x i so ffi g u r eb e l ow :r a n k so fa l t e r n a t i v e s , w h e r er a n k1 =t h ea l t e r n a t i v e i st h eb e s tam o n ga l ls i xa l t e r n a t i v e sa n dr a n k6 =t h e a l t e r n a t i v e i st h ew o r s tam o n ga l ls i xa l t e r n a t i v e s ;x -a x i s :s t a k e h o l d e r s( SH 1 -SH 1 0 ) . Second, we consistently first carried out the interviews using the direct aggregation approach (i.e. elicitation of weights and value functions), followed by the indirect elicitation procedure (UTA GMS ) in the second interview. Thus, a confounding between increased familiarity with the problem, our types of questions concerning preferences, and with the stakeholder's perception about ease of use is possible. Indeed, several stakeholders confirmed that they had more insight into the decision problem in the second interview. We could have used a split sample design and randomized the order of interviews, but regarded a sample size of N=5 as too small to be able to draw better conclusions. We urge our colleagues to replicate such comparisons in other (real-world) applications, if possible using an improved experimental design based on larger sample sizes.
The analyst. From our own point of view, the UTA GMS interview clearly required more effort to prepare and implement the computer tool for the interactive elicitation procedure, compared to the preparation required for direct aggregation (i.e. the SMART/SWING-variant for weights and bi-section method or rough elicitation for shape of value functions). Moreover, the preference modeling and inference of weights and marginal value functions was more demanding for UTA GMS because of the linear programming problem. A future line of practice-oriented research might focus on designing suitable generalized UTA GMS software that can easily be adapted to different types of decision problems.
However, during elicitation, we found that the questions for pairwise comparisons were easier to explain than those for the SMART/SWINGvariant to elicit weights and the bi-section method to elicit marginal value functions. The assessment of marginal value functions was particularly difficult. Furthermore, we noticed that people often ran into the goal-directed bias when weights were elicited with the SMART/SWING-variant, which has been observed by others (e.g. Schuwirth et al., 2012 , when applying the "Reversed SWING" method). This should be noticed and corrected in an interview, but requires awareness and possibly some experience by the analyst.
One may wonder which kinds of methods should be chosen in which situation. We encourage combining different elicitation methods to avoid any systematic bias of a specific method (Hurson and Siskos, 2014; Montibeller and Winterfeldt, 2015) and to enhance the trustworthiness of the recommendation (Gregory et al., 2012; Hämäläinen et al., 2013; Lienert et al., 2016) . According to Belton and Stewart (2002) , elicitation methods inferring preferences from pairwise comparisons of alternatives (indirect methods in our terms) are more appropriate for conducting preliminary analysis, "quick and Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 dirty" evaluation, and for making unimportant decisions. They suggest that returning to the direct analysis (direct aggregation methods in our terms) may well be necessary to reach a final conclusion. We are reluctant to agree with this statement, because some stakeholders gave the feedback that the pairwise comparisons of the UTA GMS method required more effort, but also helped them to make the hard decisions required for this problem. We think that more research on the behavioral influences of the elicitation methods is necessary so that we better know how to integrate the two approaches.
Stability of preferences
Traditional economics assumes that people harbor well-articulated and stable preferences, and that preference elicitation consists of retrieving these pre-existing preferences. The constructive approach postulates that preferences are constructed based on the task and the context factors present during elicitation (e.g. Hoeffler and Ariely, 1999; Lichtenstein and Slovic, 2006; Slovic, 1995) . The expressed preferences can thus depend on irrelevant context, such as task instructions, elicitation methods, information framing, and information order (Carlson and Bond, 2006) . The economics literature uses test-retest experiments to study the reliability of e.g. contingent valuation surveys and choice experiments (e.g. Brouwer and Bateman, 2005; Liebe et al., 2012; Schaafsma et al., 2014) . A fair to substantial reliability is generally found (Liebe et al., 2012) . But the research on preference stability regarding MCDA is scarce. In an own related study, we used a multi-method elicitation approach with stakeholders and the general public, and we repeated elicitation after one month . We found that the weight elicitation method was the most important predictor of preference stability over time.
This application in the paper presented here provides an empirical and qualitative study on preference stability for MCDA through in-depth interviews. The observed inconsistency of preferences of individual stakeholders across the two interviews along with the explanations for their inconsistency provides strong evidence that the preferences were constructed rather than pre-existing. Hereby, three factors seem especially relevant:
1) The preferences of the stakeholders were influenced by external factors. Our ten stakeholders were identified by a rigid stakeholder analysis, combined with a social network analysis (Lienert et al., 2013) and at least some are very experienced in the wastewater domain. Despite this, in some cases external influences likely caused changes in their underlying preferences. For example, the sub-objective Fewer structural failures of drainage system was more important to stakeholder SH1 in the second interview, as Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 there was a pipe failure in his neighborhood between the two interviews (see Section 4.3.1).
2) We observed a learning effect especially for those stakeholders who were uncertain about their preferences. There were frequent shifts from an indifference statement in the first interview to a preference statement in the second (Tab. 2). Besides being a method effect, we suspect that this is also related to learning. Indeed, the stakeholders frequently admitted that their preference change could stem from their uncertainty about their own preferences and that there had been a learning effect in between the interviews. This corresponds to the tendency of people to avoid making trade-offs, which is a common response to cognitively and emotionally demanding tasks (Payne et al., 1999) . Possibly, people were more reluctant to make difficult trade-offs in the first interview, because they were not yet used to the decision context and these types of questions.
3) Irrelevant context can also explain many cases of preference instability between the two interviews. We identified two of the contextual factors in our case study application. The first is the elicitation method and the second the different decision strategies which the respondents used when answering questions. We have provided evidence that the stakeholders perceived the two elicitation methods differently and might have changed their preferences due to different questions in the interview (Section 4.3.2). However, it is difficult to know precisely why they used different strategies, as preferences can be influenced by various irrelevant factors, such as option "framing", changes in the "choice context", or the presence of prior cues or "anchors" (Lichtenstein and Slovic, 2006) . We wish to point out that a different elicitation method might also evoke a different decision strategy. For example, stakeholder SH5 paid more attention to the negative consequences on human beings in the second interview and therefore changed his preference. This could be because the pairwise comparisons of UTA GMS asking the respondents to choose between undesirable alternatives give a negative feeling. Thus, our categorization of these two factors in Table SM-5.2 is to some extent subjective and the categories can also overlap.
The constructive approach of preference formation indicates that we should pay more attention to facilitate preference construction and learning in the elicitation process. However, this is usually not sufficiently emphasized in practical decision-making (see Karjalainen et al., 2013, for an example) . We believe that learning in MCDA processes might be more important for their success than simply obtaining a ranking of alternatives, as stated by others (Karjalainen et al., 2013; Marttunen et al., 2015) . Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10.1016/j.ejor.2017.11.018
Conclusions
The aim of this paper was to register the implementation impacts of two MCDA preference elicitation philosophies (aggregation and disaggregation) in a large, real-world case and give guidance on these elicitation approaches for practitioners. The elicitation methods consist of a typically used direct aggregation elicitation procedure versus an indirect disaggregation elicitation procedure. We carried out two sets of interviews with ten real stakeholders, who were willing to give in-depth preference statements twice, purely for the sake of research. In the interview using direct aggregation methods, a SMART/SWING-variant was used for weight elicitation, and a combination of the bi-section method and rough elicitation of the shape to elicit the marginal value functions. For indirect disaggregation, an elicitation procedure based on pairwise comparisons of hypothetical alternatives using the UTA GMS method was implemented to simultaneously assess the weights and marginal value functions from indirect preference information. To our knowledge, such large real environmental applications of the relatively new UTA GMS are scarce or inexistent. By analyzing the results of the two interviews, we found that:
1) The indirect aggregation elicitation procedure based on the UTA GMS method is applicable for complex real-world cases. We encourage more applications to more rigorously test this finding. We believe that the use of indirect disaggregation methods will greatly enrich the practice of MCDA.
2) The two elicitation procedures were perceived differently by both the respondents and the analysts. For the stakeholders, the pairwise comparisons with difficult trade-offs still seemed cognitively demanding, which somewhat contradicts earlier statements of some researchers (e.g. Greco et al., 2008; Kadziński and Tervonen, 2013; van Valkenhoef and Tervonen, 2016) . Additionally, we have indications that such difficult questions might even help the stakeholders to better form their preferences (Hoeffler and Ariely, 1999) . For the analyst, the UTA GMS procedure required more effort to develop the supporting computer tool for interactive elicitation and some knowledge about linear programming is necessary for the inference of the MAVT models. On the other hand, the pairwise comparisons in the UTA GMS method were easy to explain to the stakeholders, while the bi-section method to elicit marginal value functions was especially difficult to use. More systematic investigation with larger sample sizes and in other application contexts is needed to further compare the approaches.
3) We observed that preferences were evidently constructed during the elicitation procedure. This indicates the necessity of taking into account the Zheng, J. & Lienert, J. (2017) <Stakeholder interviews with two preference elicitation philosophies> Accepted Manuscript version of a Published Work; final form in European Journal of Operational Research (EJOR): https://doi.org/10. 1016/j.ejor.2017.11.018 constructive nature of preferences in the application of MCDA to complex environmental decisions, which is, however, missing in many applications. Supporting stakeholders to construct preferences and enhancing learning during the decision-making process might be more important than using complicated decision models to reach a "correct" conclusion.
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